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ABSTRACT 
 
The Effects of Prescribed Fire on Millipede and Salamander Populations in a Southern 
Appalachian Deciduous Forest 
 
by 
Alison Baird Gagan 
 
Prescribed fire has increased as a forest management practice in southern Appalachia, but 
investigations into the effects of this silvicultural treatment on non-game wildlife inhabiting the 
region is limited.  This study investigated the effects of prescribed fire on millipede and 
salamander populations.  Seventeen sites within the Cherokee National Forest in east Tennessee 
that were treated once with prescribed fire between 1998 and 2002 were examined in the spring 
of 2002.  Each burned plot was paired with an adjacent unburned plot. 
 
The number of individual millipedes and salamanders collected from burned plots was compared 
to the corresponding control plot.  Millipedes declined in numbers following treatment with 
prescribed fire.  The number of salamanders collected was insufficient to permit analyses 
comparing the number of salamanders found in burned and control sites.  No difference between 
burned and control plots was detected in the species comprising the millipede communities. 
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CHAPTER 1 
INTRODUCTION 
 
 The role of fire in forest ecosystems has become an important political and economic 
issue.  The enormous cost of preventing and fighting wildfires in national forests has resulted in 
forest management practices that are focused on fire prevention.  Politicians are eager to find 
ways of preventing the loss of national forests and reducing the financial burden of managing 
fire.  Fire management came under close scrutiny after decades of fire suppression resulted in the 
1988 wildfire that consumed nearly 800,000 acres of Yellowstone National Park and cost over 
$120 million.  Since that time, periodic prescribed burning of national forests has become an 
important aspect of forest management.  Prescribed fire is a term used to describe a fire that is 
recommended by forest managers when there is concern about the potential for wildfire in a 
forest.  It is an intentionally set fire that is controlled by forest managers so that the burn is less 
intense than a wildfire and consumes the leaf litter on the forest floor that could be used as fuel 
by a natural fire (Teuke and Van Lear 1982; Elliot and others 1999).  In addition to reducing the 
amount of fuel for wildfires, a prescription of fire may be recommended to stimulate the growth 
of some plants and improve species diversity in forest ecosystems that are adapted to the natural 
occurrence of fire.  Many plant and animal species are dependent on fire for their survival, but 
the absence of fire may also play a dramatic role in the forest ecosystem.  The presence or 
absence of fire is an important factor in a forest.  Therefore, it is necessary to determine whether 
fire is an appropriate tool for management before the decision is made to conduct prescribed 
burns. 
Forests that have adapted to regular fire disturbance can benefit from prescribed burns, 
which may aid in the cycling of nutrients and stimulate the growth of browse and production of 
fruit and berries.  Forest types that exhibit more mesic characteristics may not benefit from 
silvicultural treatment by prescribed fire.  The National Oceanic and Atmospheric 
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Administration reports that the southern Appalachian mountains receive between 40 and 70 
inches of precipitation annually, much higher than the 5 to 20 inches of annual precipitation 
experienced by most of the western United States where fire is a common event.  The moist 
environment experienced by the mountains of southern Appalachia may have resulted in an 
community of organisms that are not adapted to the regular introduction of fire.  Studies 
examining historic fire disturbance in southern Appalachia prior to Euro-American settlement 
indicate that lightning-caused and man-caused fires were less frequent at elevations above 610 
meters than below this elevation, perhaps due to the increased precipitation at higher elevations 
(Barden 1974; Harmon 1981, 1982).  Lightning fires in this region are infrequent (Harmon 
1982), but the incidence of fire has increased since the Euro-American colonization of southern 
Appalachia.  Areas ranging from high and low elevations found in the southern Appalachian 
mountains can support diverse forest types and ecosystems.  The mountains of southern 
Appalachia are a critical source of diversity and contain public forests that are a refuge for many 
threatened and endangered species.  Forest management practices that may negatively impact 
this region should be examined closely before they are implemented. 
Management practices used by the United States Department of Agricultures Forest 
Service impact the environment, to its benefit or detriment.  The Forest Service attempts to 
predict the outcome of their management techniques and minimize negative impacts on the 
environment.  The effects of timber harvesting on plant and animal communities have been 
studied extensively.  National Forest managers routinely use prescribed burns as a forest 
management practice, but the impact of prescribed burns on much non-game wildlife in southern 
Appalachia has not been extensively examined.  Research into the effects of fire on plant and 
animal communities has been conducted in pine forests on southern slopes of mountain ranges, 
southern pine forests, and chaparral (Schowalter and others 1981; Ford and others 1999; Keeley 
2002), regions that exhibit characteristics of fire adapted ecosystems.  A recent study has shown 
that prescribed burns have little overall impact on small mammals and amphibians in a pine 
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forest (Ford and others 1999).  An examination of invertebrate communities, however, 
demonstrates a decline in overall biomass following a prescribed burn, with a significant 36% 
reduction in dry mass as a result of the fire (Kalisz and Powell 2000).  Studies of timber 
harvesting in hardwood forests and the subsequent decline in leaf litter demonstrate a positive 
correlation between leaf litter depth and salamander and invertebrate populations (Heatwole 
1962; Pough and others 1987; DeGraaf and Rudis 1990; Harpole and Haas 1999;).  Because one 
objective of a prescribed burn is to reduce the amount of leaf litter on the forest floor, the 
reduced leaf litter depth may disrupt populations of salamanders and invertebrates found in the 
southern Appalachian mountains.   
This investigation was performed in an attempt to determine the effects of prescribed fire 
on salamander and invertebrate communities by examining millipede and salamander 
populations within the boundaries of a prescribed fire and comparing them with populations 
found in adjacent, unburned locations.  Millipedes were chosen for this study because of their 
diversity and important role in decomposition and nutrient cycling.  It is estimated that more than 
1,400 millipede species occur in the United States and Canada (Shelley 1999), and there is 
evidence that southern Appalachia is a center of diversity for millipedes (Hoffman 1990).  Less 
than one-tenth of the possible 80,000 millipede species that occur worldwide have been 
described; therefore, it is important to gain information about these organisms to contribute to 
taxonomic investigations and studies of millipede distribution.  Millipedes are the third most 
diverse class of terrestrial arthropods, but there are few millipede researchers in the United 
States.  The National Science Foundation has recognized that millipedes are poorly understood 
organisms and is supporting projects investigating millipedes through their Partnerships for 
Enhancing Expertise in Taxonomy (PEET) program.  Although this is not a taxonomic 
investigation, studies of the effects of prescribed fire on millipede communities may provide 
valuable information about the disturbance created by this forest management practice and 
enhance the current understanding of their distribution in southern Appalachia.  Millipedes are 
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abundant in deciduous forests, contributing to the breakdown of organic matter into soil.  They 
serve as prey for birds, lizards, toads, rodents, ants and glowworms (Shelley 1999).  Millipedes 
consume leaf litter and require calcium derived from the soil to strengthen their exoskeleton 
(Shear 1999).  Awareness of their significant role in the forest ecosystem and response to 
disturbance may help forest managers avoid practices that negatively impact their populations, 
preventing the disruption of nutrient cycling.   
The role of amphibians in the ecology of southern Appalachia is of increasing interest to 
researchers.  Recent estimates place salamander diversity and abundance in southern Appalachia 
in extraordinary proportion to other organisms, unparalleled anywhere else in the world 
(Petranka and others 1993).  A conservative estimate at one southern Appalachian site placed 
total salamander density and wet biomass in streamside habitats at 18,486 individuals and 16.53 
kg/ha (Petranka and Murray 2001).  Salamanders are important ecologically as middle and upper 
level predators of detritivores and other invertebrates on the forest floor and as prey for other 
vertebrates (Bruce 1979; Petranka and others 1993).  Forest management practices that modify 
the density of salamander populations may affect the productivity of a forest by altering aspects 
of the detritus food web, changing rates of decomposition and nutrient cycling (Bormann and 
Likens 1979).  Terrestrial salamanders are dependent on forest leaf litter as a source of food in 
the form of detritivores and for protection against desiccation.  Studies demonstrating a positive 
correlation between leaf litter depth and salamander density make them obvious candidates for 
this project (Heatwole 1962; Harpole and Haas 1999). 
The goal of this study is to determine how the application of prescribed fire as a forest 
management practice in southern Appalachian deciduous forests affects millipede and 
salamander populations.  Several questions are addressed to determine the effects of prescribed 
fire in southern Appalachia.  How many individual millipedes and salamanders are found in 
burned sites when compared to areas that have not been treated with prescribed fire?  If a 
significant difference exists between the number of individuals found in burned sites when 
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compared to unburned sites, then one can infer that prescribed fire has an effect on millipede and 
salamander populations.  How many species are found in burned and unburned sites, and what is 
the proportion of each species relative to the entire population?  A change in the community of 
species after treatment with prescribed fire may indicate that millipede and salamander 
populations are affected by prescribed fire in different ways.  Do the salamanders found in both 
burned and unburned sites appear healthy, or are they emaciated?  A comparison of the body 
length to body mass ratio of salamanders found at burned sites with those found in areas that 
have not been treated with prescribed fire can be used as an indicator of relative health of the 
animals.  
 
Hypotheses and Predictions 
The following hypotheses were tested during this investigation to determine whether 
prescribed fire has an effect on millipede and salamander populations in southern Appalachian 
deciduous forests.  
Hypothesis 1:  Prescribed fire has no effect on the number of individuals found in 
millipede and salamander populations in a deciduous forest. 
Prediction:  If prescribed fire has no effect on the number of individuals found in 
millipede and salamander populations in a deciduous forest, then the number of millipedes and 
salamanders in populations within a burned location will not differ significantly from 
populations within a similar area that has not been treated with prescribed fire.   
Hypothesis 2:  Prescribed fire has no effect on the community of millipede and 
salamander species found in a deciduous forest. 
Prediction:  If prescribed fire has no effect on the number of species of millipedes and 
salamanders in a deciduous forest, then the number of millipede and salamander species found 
within burned locations will not differ significantly from populations and communities within an 
area that has not been treated with prescribed fire. 
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Hypothesis 3:  Prescribed fire has no effect on the ratio of snout-to-vent length to mass 
(size) of salamanders. 
Prediction:  The ratio of salamander snout-to-vent length to mass from salamanders found 
in burned locations will not differ significantly from salamanders found in unburned locations if 
prescribed fire does not have an impact on the size of salamanders. 
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CHAPTER 2 
MATERIALS AND METHODS 
 
Study Area 
An examination of the effects of prescribed fire on millipede and salamander populations 
in southern Appalachian deciduous forests was implemented within the Cherokee National 
Forest in east Tennessee.  The Forest Service compartments used in this study occur in Cocke, 
Johnson, Sullivan, Washington and Unicoi counties.  Seventeen study plots that had been burned 
one time between 1998 and 2002 were examined in the spring of 2002 (Table 1).  The amount of 
time since the prescribed fire occurred ranged from less than one year to four years.  Each burned 
plot had a separate control plot that had never been burned but was closely matched for forest 
type, elevation, aspect, slope, and number of years since last timber harvest.  A 5 x 5 meter plot 
within each site was established for sampling and coordinates of the plot were recorded using a 
Garmin 12XL GPS Personal Navigator.  There were three paired sites each for years 1998, 2001, 
and 2002, and four paired sites each for years 1999 and 2000. 
 
Table 1  Study site location and historical information 
Site Locality Information Burn Plot Control Plot
Burn 
Year 
Site 
Identifi- 
cation # 
County Forest Svc. 
Compartment/
Stand
Year of 
last timber 
harvest
Forest Svc. 
Compartment/ 
Stand 
Year of 
last timber 
harvest
1998 9802 Washington 353/14 1899 353/17 1899
1998 9803 Washington 354/28 1915 354/28 1915
1998 9804 Unicoi 392/8 1974 392/7 1974
1999 9906 Sullivan 91/21 1912 91/21 1912
1999 9907 Unicoi 395/10 1860 395/10 1860
1999 9908 Johnson 44/33 1919 44/33 1919
1999 9909 Sullivan 95/25 1920 95/25 1920
2000 0010 Johnson 81/10 1885 80/31 1916
2000 0011 Sullivan 97/21 1881 97/15 1890
2000 0012 Washington 371/29 1938 371/29 1938
2000 0013 Unicoi 374/18 1899 374/18 1899
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Table 1  Continued 
Site Locality Information Burn Plot Control Plot
Burn 
Year 
Site 
Identifi- 
cation # 
County Forest Svc. 
Compartment/
Stand 
Year of 
last timber 
harvest 
Forest Svc. 
Compartment/ 
Stand 
Year of 
last timber 
harvest 
2001 0115 Johnson 4/26 1936 4/26 1936
2001 0117 Cocke 225/2 1928 225/2 1928
2001 0119 Sullivan 117/16 1915 117/16 1915
2002 0220 Johnson 90/20 1934 91/23 1912
2002 0221 Sullivan 121/8 1945 121/33 1950
2002 0222 Sullivan 120/4 1933 120/4 1933
 
 
Collection Procedures 
Collection of millipedes and salamanders from study locations began March 30, 2002, 
and was completed June 22, 2002.  Each burned plot and its control was sampled on the same 
day so that measurements were concurrent and weather conditions during sampling did not 
differ.  Environmental data in the form of leaf litter depth, air temperature, time of day, aspect 
and dominant tree species were recorded immediately prior to sampling.  Leaf litter depth was 
determined by calculating the average of ten random samples taken by measuring depth in 
centimeters from each 5 x 5 meter plot.  The burned plot was sampled before the control on the 
first sampling day by marking off the 5 x 5 meter plot.  Salamanders and millipedes were 
collected by first visually observing any animals above the ground and then by overturning rocks 
and logs.  All leaves were turned over in an east-to-west pattern and leaves and soil beneath were 
examined for millipedes and salamanders.  All millipedes or salamanders found were placed into 
plastic whirl-pak (Nasco) bags filled with moist debris from the forest floor to prevent their 
desiccation.  Millipedes were placed in a solution of 70% isopropanol and transported to East 
Tennessee State University, the North Carolina Museum of Natural Sciences, and the Virginia 
Museum of Natural History for identification.  Following identification, millipedes were labeled 
and deposited in collections at East Tennessee State University and at both museums.   
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Salamanders were identified in the field and removed from their bags once the site had 
been thoroughly examined.  Quantitative measurements of snouttovent length in centimeters 
and mass in grams were taken using a ruler and spring scale as salamanders were identified.  The 
spring scale was calibrated so that the weight of the Whirl-pak bag was not included in the total 
mass of the salamander. 
Collection and handling of salamanders was performed using protocols approved by the 
University Committee on Animal Care at East Tennessee State University (Project Number 
P020107).  All salamanders were released to their original location within 3 hours of collection 
with the exception of one animal from each species to be used as a voucher specimen for identity 
confirmation.  Voucher specimens were taken to East Tennessee State University and were 
sacrificed by anesthetic overdose within 10 hours of collection.  The animals were placed in a 
room-temperature solution of 10% aqueous MS-222.  Death by anesthetic overdose was 
confirmed by the absence of heart beat.  Once death was confirmed, the salamanders were fixed 
in formalin and preserved in 70% ethanol.  The salamanders were labeled appropriately and 
deposited in the vertebrate collection at East Tennessee State University. 
 
Data Analysis 
The number of millipedes from each burned plot and its control were compared using a 
two-way analysis of variance (ANOVA) employing the computer program MINITABTM 
(Minitab, Inc. 2000).  The data were counts of millipedes collected from each plot, and this type 
of data is often not normally distributed.  A test for normality indicated that the distribution of 
millipedes collected from all sites was not normal.  Square root transformation is indicated for 
this type of data (Sokal and Rohlf 1995), and square root transformation of millipede data was 
implemented to achieve a normal distribution.  The two-way ANOVA was used to determine 
whether treatment with prescribed fire resulted in variation between populations of millipedes 
within areas treated with prescribed fire compared to populations in untreated locations.  An 
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advantage of the two-way ANOVA over other tests for paired or dependent samples is the ability 
to examine the variance between blocks of data within the analysis.  For this study, 2 analyses of 
the effects of treatment with prescribed fire were performed.  One analysis examined the effect 
of treatment with prescribed fire on millipede populations, blocking data by site to see if 
variation in millipede populations existed between sites. Another analysis examined the effects 
of treatment on millipede populations with data blocked by the burn year, which represents the 
number of years since the prescribed fire occurred.  This analysis was performed to determine 
whether there was significant variation in populations from one year to the next.  The two-way 
ANOVA requires data sets of equal sizes, so data from one site were eliminated at random from 
the 1999 (site 9907) and 2000 (site 0012) burn years.  An additional site was sampled from these 
burn years, resulting in an unbalanced data set.  This did not create an imbalance in the total 
number of sites, so no millipede data were eliminated in analyses blocking data by site.  A 
comparison of the number of species collected from burn and control plots, blocking data by site, 
was made using the two-way ANOVA.  The two-way ANOVA was also used to determine if 
leaf litter depth was different in burned plots when compared to their control plots. 
Collection of salamanders did not yield sufficient numbers to permit statistical analysis.  
The data is included in results and can only represent observations of the number of salamanders, 
number of species of salamanders, and the snout-vent length and mass (size) of salamanders 
found in plots treated with prescribed fire and their controls. 
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CHAPTER 3 
RESULTS AND DISCUSSION 
 
Millipede Abundance and Diversity 
One hundred seventy-two millipedes were collected during the course of this study, 
representing six orders, seven families, and eleven genera (Table 2).  At least 19 species were 
collected.  Species are differentiated from one another by characteristics of the gonopods, which 
are male copulatory structures.  When only females are collected it is often impossible to make a 
specific identification.  Only females were collected from the genera Ptyioulus and Uroblanulus, 
but these females can be confidently identified at the level of genus. 
 
Table 2  Millipede taxa collected during this investigation   
Order Family Genus 
Ptyioulus Julida Parajulidae 
Uroblanulus 
Spirobolida Spirobolidae Narceus 
Spirostreptida Cambalidae Cambala 
Chordeumatida Cleidogonidae Cleidogona 
Callipodida Caspiopetalidae Abacion 
Polydesmidae Pseudopolydesmus 
Apheloria 
Brachoria 
Nannaria 
 
 
Polydesmida 
 
Xystodesmidae 
Sigmoria 
  
 Individuals within the millipede genus Pseudopolydesmus were the most abundant group, 
representing 46% of all millipedes collected (Figure 1).  Only 3 individuals within the genus 
Brachoria were collected, making this the rarest group.  The genus Brachoria has not been 
extensively studied and it was not possible to identify these millipedes below the generic level.  
Several rare species were collected, including what appears to be a variant of Cleidogona 
medialis.  This is the first time this species has been collected in Tennessee.  A variant 
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representative of Sigmoria (Dixioria) brooksi, a species that has been collected only three times, 
was also found during the course of this investigation.  Additionally, an undescribed species 
within the genus Nannaria, family Xystodesmidae, order Polydesmida, was collected in Johnson 
County, Tennessee.  The total number of individuals collected from each species in each burn 
and its paired control site can be seen in Tables 3 - 7. 
 
 
Figure 1  Relative abundance among millipede genera.  Relative abundance of individuals within 
each genus in proportion to the total number of millipedes collected during this investigation. 
 
All representatives collected from the order Julida were female.  Both genera within this 
order, Uroblanulus and Ptyioulus, are in the family Parajulidae.  There are several possible 
explanations for the absence of male parajulids in the sample.  Males within this family often do 
Relative Abundance among Millipede Genera
Cleidogona
11%
Nannaria
2%
Narceus
5%
Ptyioulus
15%
Sigmoria
7%
Uroblanulus
2%
Pseudopoly-
desmus
46%
Abacion
6%
Apheloria
2%
Brachoria
2% Cambala
2%
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not mature until fall, and this study was completed in June (Richard Hoffman, pers. comm.).  
There are indications that millipedes in more basal orders may, on rare occasions, exhibit 
parthenogenesis, and all parthenogenetic species are less than 10 millimeters in length (Hoffman 
1990).  Members of Uroblanulus and Ptyioulus fit these parameters.  It is also possible that the 
sampling procedures biased collections in favor of females in groups with highly disparate sex 
ratios. 
 
Table 3   Species collected from control plots and plots burned in 1998 
1998 Burn:  sites 9802, 9803, 9804 
Species #Male # Female Total 
Cambala annulata 0 1 1 
Narceus americanus 0 1 1 
Pseudopolydesmus canadensis 0 1 1 
Ptyioulus sp. 1 1 2 
Total species = 4 Total = 5
1998 Control:  sites 9802, 9803, 9804 
Species #Male # Female Total 
Abacion magnum 2 2 4 
Brachoria sp. 2 0 2 
Cambala annulata 0 1 1 
Nannaria minor 1 0 1 
Narceus americanus 0 1 1 
Pseudopolydesmus canadensis 2 17 19 
Total species = 6 Total = 28
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Table 4.  Species collected from control plots and plots burned in 1999 
1999 Burn:  sites 9906, 9907, 9908, 9909 
Species #Male # Female Total 
Abacion magnum 0 1 1 
Apheloria virginiensis montana 1 1 2 
Brachoria sp. 1 0 1 
Cleidogona sp. 0 2 2 
Pseudopolydesmus canadensis 3 9 12 
Ptyioulus sp. 0 4 4 
Total species = 6 Total = 22
1999 Control:  sites 9906, 9907, 9908, 9909 
Species #Male # Female Total 
Abacion magnum 1 0 1 
Cleidogona sp. 0 6 6 
Narceus americanus 2 0 2 
Pseudopolydesmus canadensis 2 7 9 
Ptyioulus sp. 0 2 2 
Sigmoria (Dixioria) brooksi 2 0 2 
Sigmoria (Dixioria) coronata 1 2 3 
Uroblanulus sp. 0 1 1 
Total species = 8 Total = 26
 
Table 5.  Species collected from control plots and plots burned in 2000 
2000 Burn:  sites 0010, 0011, 0012, 0013 
Species #Male # Female Total 
Abacion magnum 0 2 2 
Cleidogona medialis 1 0 1 
Cleidogona sp. 0 4 4 
Pseudopolydesmus canadensis 0 4 4 
Ptyioulus sp. 0 5 5 
Sigmoria (Sigmoria)  latior latior 2 0 2 
Uroblanulus sp. 0 2 2 
Total species = 7 Total = 20
2000 Control:  sites 0010, 0011, 0012, 0013 
Species #Male # Female Total 
Cambala ?hubrichti 0 1 1 
Narceus americanus 0 3 3 
Pseudopolydesmus canadensis 0 10 10 
Ptyioulus sp. 0 7 7 
Sigmoria (Dixioria) pela pela 1 0 1 
Total species = 5 Total = 22
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Table 6.  Species collected from control plots and plots burned in 2001 
2001 Burn:  sites 0115, 0117, 0119 
Species #Male # Female Total 
Abacion magnum 1 0 1 
Nannaria sp. 0 1 1 
Pseudopolydesmus canadensis 0 4 4 
Ptyioulus sp. 0 2 2 
Sigmoria (Dixioria) coronata 0 1 1 
Sigmoria (Sigmoria) latior latior 1 0 1 
Uroblanulus sp. 0 1 1 
Xistodesmidae larvae (unidentified)   2 
Total species = 7 (larvae not included) Total = 13 
2001 Control:  sites 0115, 0117, 0119 
Species #Male # Female Total 
Apheloria virginiensis montana 1 0 1 
Brachoria sp 1 0 1 
Cleidogona sp. 0 6 6 
Pseudopolydesmus Canadensis 10 5 15 
Ptyioulus sp. 0 1 1 
Sigmoria (Sigmoria) ?rubromarginata 0 1 1 
Total species = 6 Total = 25 
 
Table 7.  Species collected from control plots and plots burned in 2002 
2002 Burn:  sites 0220, 0221, 0222         *No millipedes found
2002 Control:  sites 0220, 0221, 0222 
Species #Male # Female Total 
Pseudopolydesmus Canadensis 0 3 3 
Cambala annulata 0 1 1 
Narceus americanus 0 1 1 
Nannaria n. sp.3 2 0 2 
Abacion magnum 2 0 2 
Ptyioulus sp. 0 1 1 
Apheloria virginiensis montana 1 0 1 
Total species = 7 Total = 11
 
 Results of both two-way ANOVAs indicate that there is significant variation between the 
number of millipedes found in burned plots compared to their controls at p = 0.009 (Tables 8, 9).  
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This result demonstrates that millipedes are impacted by the silvicultural treatment of prescribed 
fire.   
 
Table 8  Two-way ANOVA:  treatment vs. number of millipedes, blocking data by site 
Source       DF         SS         MS         F         P 
Treatment 1 5.894 5.894 8.88 0.009 
Site 16 22.022 1.376 2.07 0.078 
Error 16 10.623 0.664   
Total 33 38.539    
 
 
Table 9  Two-way ANOVA:  treatment vs. number of millipedes, blocking data by burn year 
Source       DF         SS         MS         F         P 
Treatment 1 7.559 7.559 8.50 0.009 
Year of Burn 4 9.273 2.318 2.61 0.067 
Interaction 4 3.159 0.790 0.89 0.489 
Error 20 17.781 0.889   
Total 29 37.772    
 
The result of the analysis comparing population variation between sites indicates that 
there is no significant variation (p = 0.078) in populations between sites (Table 8).  Populations 
of millipedes found at each site, in both burn and control locations, are not significantly different 
from one another.  When data are blocked by year (Table 9), results indicate that millipede 
populations have no significant variation between years (p = 0.067).  Additionally, the 
relationship between Treatment and Year of Burn suggests that the effect of treatment with 
prescribed fire on millipede populations is independent of the number of years elapsed since the 
burn occurred (Interaction p-value = 0.489).  This may indicate that millipede populations have 
not recovered from the impact of prescribed fire on their populations from one year to the next 
over a period of four years.  A graph showing the difference between the average number of 
millipedes found in burned and control locations for each year of burn illustrates that millipedes 
are dramatically affected by prescribed fire immediately following the burn (Figure 2).   
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Figure 2  Millipede abundance in burned and control sites.   Comparison of the mean number of 
millipedes at burned and control sites from <1 to 4 years after treatment with prescribed fire. 
 
No millipedes were found at burned plots a few weeks after treatment with prescribed fire 
in 2002, compared with 11 specimens collected from the control plots.  Plots burned in 2001 
have numbers of millipedes that are more similar to the control plots one year after the burn.  
The plots are more similar 2 and 3 years after the burn (year of burn 2000 and 1999).  There 
appears to be a difference between the number of millipedes found in plots burned in 1998 and 
the control plots, 4 years after the burn occurred.  Future research investigating the effects of 
prescribed fire on millipede populations could elucidate an explanation for this discrepancy.  
Either the small sample size resulted in this observation, or something is happening to certain age 
classes when the plot is burned.  It is unlikely that the difference between number of millipedes 
at control plots and plots burned in 1998 represents what is happening in nature since the 
discrepancy appears to affect all millipede genera.  If a millipede cohort was being destroyed by 
prescribed fire, producing decline evident 4 years after a burn, then it would only affect long-
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lived millipede groups.  Some millipede species live several years, but the majority of species 
collected in this study only live 1 or 2 seasons (Hoffman 1990).   
Leaf litter depth was normally distributed, and results from a two-way ANOVA indicates 
that significant variation (p = 0.000) exists between leaf litter depth in burned plots when 
compared to their controls (Table 10).  There is no significant variation in leaf litter depth 
between sites (p = 0.302).  Graphic representation of the difference in leaf litter depth illustrates 
that older burned sites have greater leaf litter depth (Figure 3). 
 
Table 10  Two-way ANOVA:  treatment vs. leaf litter depth, blocked by site 
Source       DF         SS         MS         F         P 
Treatment 1 98.94 98.94 19.48 0.000 
Site 16 105.8 6.61 1.3 0.302 
Error 16 81.28 5.08   
Total 33 286.02    
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Figure 3  Leaf litter depth.  Comparison of the average leaf litter depth (cm) between burned and 
control sites from <1 to 4 years following treatment with prescribed fire. 
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The two-way ANOVA was used in an effort to determine whether there was a 
statistically significant difference between the number of millipede species found in burned sites 
when compared to their control sites.  These data were normally distributed.  No statistically 
significant variation was detected due to treatment (p = 0.083) or between sites (p = 0.445), 
indicating that the community of millipede species found in a forest stand is not affected by 
treatment with prescribed fire and is not different from one site to the next (Table 11).  
 
Table 11  Two-way ANOVA:  treatment vs. millipede species, blocked by site 
Source       DF         SS         MS         F         P 
Treatment 1 6.62 6.62 3.43 0.083 
Site 16 33.12 2.07 1.07 0.445 
Error 16 30.88 1.93   
Total 33 70.62    
 
The relative abundance of each millipede species within the community does appear to 
change (Figures 4, 5), and it is interesting to note that the order Julida, family Parajulidae, is the 
only group that increases in number of individuals in the burned areas (Figure 6).  Uroblanulus 
and Ptyioulus represent a group of organisms that are adapted to burrowing in the soil.  The 
julidans can be found in many habitats, including deserts and leafless regions and areas with 
extreme temperature fluctuation (Kime and Golovatch 2000).  Their ability to adapt to a diversity 
of habitats is supported by this study which demonstrates their ability to tolerate the effects of 
prescribed fire.  It is possible that the decline in numbers of individuals from other groups in 
response to prescribed fire is beneficial to opportunistic groups like the julidans. 
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Figure 4  Relative abundance of millipede genera in control sites         
 
 
 
 
 
 
 
 
 
Figure 5  Relative abundance of millipede genera in burned sites 
 
Relative Abundance of  Millipede Genera in Control Sites
Cleidogona
11% 
Nannaria
3% 
Narceus
6%
Ptyioulus 
10% 
Sigmoria 
7%
Uroblanulus 
1% 
Pseudopoly- 
desmus 
49% 
Abacion 
6% 
Apheloria
2% 
Brachoria
2% 
Cambala
3%
Relative Abundance of Millipede Genera in Burned Sites
Cleidogona
12% 
Nannaria
2%
Narceus
2%
Ptyioulus
22%
Sigmoria 
7%
Uroblanulus
5%
Pseudopoly-
desmus
36%
Cambala
2%
Apheloria
3%
Brachoria
2% Abacion
7%
26 
 
Millipede Genera: Burn vs. Control Sites
0
10
20
30
40
50
60
Ab
aci
on
Ap
he
lor
ia
Br
ach
ori
a
Ca
mb
ala
Cle
ido
go
na
Na
nn
ari
a
Na
rce
us
Pse
ud
op
oly
de
sm
us
Pty
iou
lus
Sig
mo
ria
Ur
ob
lan
ulu
s
Genus
N
um
be
r o
f M
ill
ip
ed
es
burn
control
 
Figure 6  Millipede genera: burn vs. control sites.  Number of millipedes within each genus 
collected from burned and control sites. 
 
Salamander Abundance and Diversity 
 Twenty-one salamanders representing 5 species in 4 genera within the family 
Plethodontidae were collected during the course of this investigation (Table 12).  The ravine 
salamander, Plethodon richmondi Netting and Mittleman, was collected 9 times.  This species 
represented 44% of all salamander species collected (Figure 7).  Plethodon cinereus, the redback 
salamander, and P. serratus, the southern redback salamander, are virtually indistinguishable 
morphologically.  All salamanders that appeared to be southern redback or redback salamanders 
were considered to be P. cinereus because the region where the specimens were collected 
overlapped published records of the range of P. cinereus (Conant and Collins 1998; Redmon and 
Scott 2001).   
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Table 12  Salamander species collected during this investigation 
Family Genus Species 
Desmognathus ochrophaeus Cope 
Eurycea wilderae Dunn 
cinereus (Green) Plethodon 
richmondi Netting and Mittleman 
Plethodontidae 
 
Pseudotriton ruber ruber 
 
The small sample size is inadequate for an analysis comparing the number of salamanders at 
burned and control plots, and more research should be conducted before any conclusion can be 
made about the effects of prescribed fire on salamander populations.  A graphic representation of 
the number of salamanders found at burned and control plots did not reveal any trend in response 
to prescribed fire (Figure 8).  No salamanders were found at sites burned in 2000, but this result 
is more likely due to sampling error than the effects of prescribed fire.  The distribution of 
species among burned and control plots does seem to indicate that fewer numbers of individuals 
within each species are found on burned plots than control plots (Figure 9).   
 
 
Figure 7  Relative abundance among salamander species.  The proportion of individuals 
collected from each species relative to the total number of salamanders collected. 
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Abundance of Salamanders in Burned and Control Sites
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Figure 8  Abundance of salamanders in burned and control sites.  The total number of 
salamanders collected from control sites and sites treated with prescribed fire 0  4 years ago. 
 
Only 1 species, Plethodon cinereus, was more abundant in burned plots than in control 
plots.  This observation most likely does not reflect the ability of Plethodon cinereus to 
withstand the effects of prescribed fire and conflicts with other studies investigating the response 
of this species to silvicultural treatments (DeGraaf and Yamasaki 2002).   
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Figure 9  Relative abundance within salamander species.  The number of salamanders collected 
within each species at burned and control sites. 
 
 An analysis comparing the relative health of salamanders found on burned and control 
sites was not possible due to the small number of animals collected.  No pattern is evident from 
these data.  All information regarding the salamander species found at each location and the 
snout-to-vent length and mass of each salamander is presented in Tables 13-17, and is presented 
for potential use in future research. 
 
Table 13  Species found at control plots and plots burned in 1998 
1998 Burn 
Species Length (cm) Mass (g) 
Eurycea wilderae Dunn Escaped 
Total species = 1                                Total individuals =  1
1998 Control 
Species Length (cm) Mass (g) 
2.7 0.6 Eurycea wilderae Dunn 
3.4 0.8 
Pseudotriton ruber ruber 7.1 >10 
Total species = 2                                 Total individuals = 3
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Table 14  Species found at control plots and plots burned in 1999 
1999 Burn 
Species Length 
(cm) 
Mass (g) 
3.1 0.7 
2.9 0.6 
Plethodon cinereus (Green)  
3.0 0.7 
Pseudotriton ruber ruber 7.1 >10 
Total species = 2                                     Total individuals =  4 
1999 Control 
Species Length 
(cm) 
Mass (g) 
Plethodon richmondi Netting and Mittleman  4.4 1.2 
Desmognathus ochrophaeus Cope 3.7 2.9 
Total species = 2                                     Total individuals = 2 
 
Table 15  Species found at control plots and plots burned in 2000 
2000 Burn: no salamanders found 
2000 Control 
Species Length (cm) Mass (g)
4.6 1.4 
4.5 1.1 
3.1 0.5 
4.7 1.2 
4.6 1.3 
Plethodon richmondi Netting and 
Mittleman  
5.1 1.3 
Total species = 1                                   Total individuals = 6 
 
Table 16  Species found at control plots and plots burned in 2001 
2001 Burn 
Species Length (cm) Mass (g) 
Desmognathus ochrophaeus Cope 2.2 0.5 
Total species = 1                                Total individuals =  1
2001 Control 
Species Length (cm) Mass (g) 
Desmognathus ochrophaeus Cope Escaped 
Total species = 1                                 Total individuals = 1
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Table 17  Species found at control plots and plots burned in 2002 
2002 Burn 
Species Length (cm) Mass (g)
Plethodon richmondi Netting and 
Mittleman  
5.3 0.4 
Total species = 1                                   Total individuals =  1 
2002 Control 
Species Length (cm) Mass (g)
2.8 0.1 Plethodon richmondi Netting and 
Mittleman  2.6 0.1 
Total species = 1                                   Total individuals = 2 
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CHAPTER 4 
CONCLUSIONS 
 
Results from this study indicate that prescribed fire has a negative effect on millipede 
populations in southern Appalachian deciduous forests, but the effects of prescribed fire on 
salamander populations remain elusive.  The effect of prescribed fire on the number of 
individuals in millipede populations within burned plots compared to unburned plots is supported 
by statistical analysis examining the variation between populations and by the inability to collect 
millipedes from plots immediately after treatment with prescribed fire.  The species composition 
of millipede and salamander communities at burned plots do not appear to be affected by 
silvicultural treatment with fire; however, there appear to be fewer individuals within each 
salamander species in burned plots when compared to control plots. 
Millipedes do not appear to recover from the initial decline in numbers immediately 
following prescribed fire.  It is unlikely that eggs and larval individuals in and under leaves 
would survive prescribed burning of the leaf litter, and millipedes may not have the ability to 
rapidly colonize an area because their ability to migrate is limited.  The number of individuals 
within the order Julida increased following treatment with prescribed fire.  This increase is 
consistent with the hypothesis that millipedes within the order Julida are often the initial 
colonizing species (Richard Hoffman, pers. comm.), and further research may illuminate the 
pattern of recolonization after prescribed fire.  It is possible that the burrowing habit of 
millipedes within this order permits the julidans to survive fire by digging into the soil.  The 
difference between the number of millipedes at plots burned in 1998 and control plots is not 
consistent with the current understanding of millipede life history and warrants more detailed 
investigation to ensure that the dynamics of millipede communities are not being altered by 
prescribed fire. 
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Results from the investigation of millipedes would improve if greater numbers of 
individuals were collected.  Data regarding salamanders were unsatisfactory due to many factors, 
including the regional drought experienced during the sampling year.  These data are included in 
an effort to contribute to the research that may be conducted by future examiners.  There were a 
limited number of locations available for study that have been treated with prescribed fire by the 
Forest Service that have not been exposed to either wildfire or additional prescribed fire or 
disturbance.  It was also difficult to locate sites that have unburned sites nearby that have 
equivalent disturbance history and tree type.  The most tenable method for increasing numbers of 
millipedes and salamanders collected is by increasing the area that is sampled within each burned 
site and its control.  Supplementing constrained-area searches with pitfall traps and cover 
objects, as well as searching for salamanders at night, may also increase the number of 
individuals observed at each site.  Additionally, valuable information may be obtained by 
conducting investigations year-round, examining population structure during different seasons.  
This research project provides initial data for future studies of the effects of prescribed fire on 
millipede and salamander populations and establishes the negative effects of prescribed fire on 
millipede populations. 
Goals of future research should include an examination of the ratio of male and female 
millipedes.  Males are generally more short-lived than females, and the mating season may be 
compromised if prescribed fire occurs when males are temporally prolific.  Additionally, sub-
surface investigations will determine whether millipedes and salamanders burrow into the soil or 
are destroyed by prescribed fire.  Increasing the number of individuals collected should make it 
possible to study the relationship between environmental factors and population size and 
structure.  Long-term studies should be conducted in an effort to determine the compounding 
effect of subsequent disturbance in an area that has been treated with prescribed fire. 
Examining the effects of fire on salamander and millipede populations in southern 
Appalachian deciduous forests may help forest managers as they make decisions about the use of 
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fire as a forest maintenance technique.  A decision to prescribe fire as a silvicultural treatment in 
national forests should be made on a local level by examining a variety of factors.  Prescribed 
fire is an appropriate tool for management in forests that are historically fire maintained, but 
forests such as those within the mountains of southern Appalachia may support organisms that 
cannot withstand the effects of fire in their ecosystem.  Ultimately, this study demonstrates the 
negative impact of prescribed fire on millipede populations and their apparent inability to 
recover from their initial decline.  Investigation into the effects of prescribed fire on other 
organisms in this region may reveal that prescribed fire should be used infrequently in southern 
Appalachian deciduous forests. 
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